tions, from which the contaminant ions distribution and transportation will be illustrated, thereby, the effects of pollutants migration and reaction on porosity and permeability are further studied. Thus, the newly developed model can provide theoretical basis and practical reference for plug removal.
Introduction
Well operation fluids invade the formation in the process of oil field development, and react with contaminant ions contained in formation fluids, which will easily produce insoluble and lower the formation permeability. To provide a reference for plug-removal measures, it is essential to accurately predict the laws of underground water seepage and contaminant ions transportation and distribution, which will bring huge benefits [1] [2] [3] [4] .
For the porous media seepage model established based on the Darcy law, a viscosity term should be considered when study the high speed percolation. Brinkman and Forchheimer [5] modified the Darcy law by adding the inertia force item and viscosity term. Beckermann [6] solved the coupling model of laminar layer and porous medium using the BrinkmanForchheimer equation, through which the problem of natural convection and heat transfer in coupling field was worked out. In this paper, we take the features of high-speed percolation near wellbore into consideration and utilize Darcy-Forchheimer nonlinear equations, and then establish the model of pollutants distribution and migration, sequentially, the characteristics of porosity and permeability of the formation near wellbore can be predicted through the numerical results.
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Establishment of percolation model

Model hypothesis
The pollution ions in oilfield development process include [1, 7, 8] A + within the near-wellbore formation, and with the incompressible steady flowing, it supplements into column core through rectangle hole, then mixed with 2 
B
− and precipitation AB is generated. According to nucleation theory, assuming the precipitation reaction is a fourth-order reaction, and then the reaction rate can be expressed by eq. (1) [4, 9] :
The equivalent diffusion coefficient in porous media can be calculated by
Equations of flow field control Diagrammatic sketch of coupled flow field near wellbore is shown in fig.1 .
Incompressible fluids flowing through a hole, based on Navier-Stokes equations, we can get:
where I is the unit matrix (a second order tensor), D/Dt -the particle derivative, / / V . D Dt t =∂ ∂ + ∇  When flowing through the porous medium, the flow characteristics can be described using Darcy-Forchheimer eq. (4):
where r  is the radius vector. The requirement of flow field coupling is that there exits the same velocity and the same pressure on the interface of two fluids [5] , shown in eq. (5):
where ' ∂Ω is the interface of the hole and core on inlet and outlet. 
Boundary conditions of flow field
The injection side keeps a constant flow rate, and the pressure at outlet end equals to the ambient pressure, that is:
Equations of ion concentration control
Ions concentration distribution in porous media flow field follows convectivediffusive eq. 
where a and b are logic parameters, take 0, 1 in cores, and 1, 0 in perforations, respectively, and q is four order reaction rate, [mol·m -3 s -1 ].
Initial condition of ion concentration
Initial condition of ions concentration is as eq. (9) ] -the ion concentration of 2 
B
− in operation fluid at injection side of rectangular hole.
Boundary condition of ions concentration
Treat the perforation midpoint of wellbore as the origin of co-ordinates, creating a co-ordinate system as shown in fig. 2 . The boundary condition of 
Distribution of porosity and permeability
Contaminant ions combine together and generate insoluble, and porosity and permeability are reduced. The porosity can be calculated by eq. (11):
where M AB and ρ AB are the molar mass and density of precipitate AB, respectively. Adler [10] concluded the power law relationship between porosity and permeability, which can be seen as eq. (12):
where k is constant, considering the slippage effect, take n = 3.55 [11] :
where
is the initial distribution of permeability, and 0 ϕ [%] is the initial distribution of porosity.
Case study
Basic data
The basic parameters used to calculate are shown in tabs. 1 and 2.
The reaction rate constant of dynamic scaling is proportional to the velocity, seen as eq. (14):
At a flow rate of 
Numerical solution of dynamic changes in porosity and permeability
The properties of porosity and permeability change dramatically with the contact time of operation fluids and formation fluids. Figures 3 and 4 , and tab. 3 show the porosity and permeability distribution of cylindrical core axial section from t = 0 to 60×1 ks. ϕ and K represent the average distribution of porosity and permeability in the axial profile. The calculation methods are defined as:
Discussion Figures 3 and 4 show the dynamic distribution of porosity and permeability of the cylindrical core in time and space. With the injection time increasing, the distributions of porosity in axial profile transition from linear to exponential and, the rate of change in porosity at the end of the injection side is getting smaller. The distribution patterns of permeability in the core axial section are linear and it is sensitive to time. The porosity and permeability change with time equidistantly at the end of injection side and outflow side and the entire flow field tends to be stabilized after 18 ks. It can be concluded that the core with a length of 0.4 m can better reflect the characteristics of porosity and permeability of the formation near wellbore, so the scale of core is appropriately selected.
Conclusions
• Darcy-Forchheimer flow equation is available and feasible for reflecting the flow characteristics of high speed flow near wellbore and, the reaction-diffusion model can better illustrates the nonlinear characteristics of the contaminants migration under flow field coupled.
•
The core with a length of 0.4 m can clearly reflect the characteristics of porosity and permeability of the formation near wellbore under the condition of the reaction rate constant K 4 = 6.7·10 -6 m 9 (s·mol 3 ) -1 . • The porosity and permeability at the end of injection side are sensitive to time and the entire flow field tends to be stable after 18 ks (under the given conditions in this paper), which provides a reference for plug-removal measures.
